STUDIES ON BIODEGRADATION 
OF NITROPHENOL ISOMERS BY MIXED BACTERIAL CULTURES by BASHEER, SHABANA
APPENDIX   2



Title	STUDIES ON BIODEGRADATION OF NITROPHENOL ISOMERS BY MIXED BACTERIAL CULTURES
Author	Shabana Basheer
Guide	Dr. S. Divakar
Degree	Ph.D. in Biotechnology
University	Mysore University
Institute/lab	Central Food Technological Research Institute, Department of Fermentation Technology and bioengineering
Date of Submission	30-10-2003
No. of pages	222
Subject/Area	Biodegradation/Bioremediation
Abstract/Synopsis	SYNOPSISIn general, the presence of nitroaromatic compounds in nature is a major consequence of anthropogenic activities. Nitroaromatic compounds are used a herbicides, fungicides, bactericides, explosives and dyes (Higson, 1992; Marvin-Sikkema and deBont, 1994; Pieper et al., 1996). The combustion of petroleum products and other organic substances also generate nitroaromatics (Rosenkranz and Mermelstein, 1983). Considerable amount of  these compounds have been found to accumulate in soil by the hydrolysis of organophosphorus insecticides such as parathion or of herbicide nitrophenols (Kearney and Kaufman, 1975,). Nitroaromatic compounds are detected as contaminants in river water (Golab etal.,1979) and in large amounts in industrial waste waters (Hallas and Alexander, 1983). Mononitrophenols  such  as o-Nitrophenol and p-Nitrophenol have been listed as priority pollutants by the US Environmental Protection Agency (Keith and Telliard, 1979). The presence of the nitro group causes such compounds to be more resistant to biodegradation than the unsubstituted analogs and they tend to accumulate in the environment and cause deleterious effects to the biological systems due to their toxicity. Fresh and marine waters, sewage and soils posses highly diverse microbial communities that exhibit degradative capacities and species within these communities transform many organic compounds aerobically or anaerobically.Nitroaromatic compounds have been reported to be used by microorganisms as carbon, energy and nitrogen sources (Spain 1995; Meulenberg et al., 1996). A mixed bacterial system isolated from a contaminated soil sample was employed during the present study on individual and simultaneous degradation of mononitrophenol isomers - o-Nitrophenol(ONP), m-Nitrophenol(MNP) and p-Nitrophenol (PNP).A brief introduction to nitroaromatic compounds and detail review of literature regarding the biodegradation of these compounds both aerobically and anaerobically by various microorganisms and specially bacteria has been discussed. Emphasis is also laid on the different mechanisms involved in degradation. Factors that affect biodegradation such as carbon and nitrogen sources, inorganic nutrients, acclimation period, inoculum size, substrate concentration, adaptation, varying pH and temperature conditions have been dealt with. It also includes a brief introduction on the characteristics of the mononitrophenol isomers and the objective of studying their degradation.Degradation of the three mononitrophenol isomers and their mixture using a consortium have been studied. The mixed bacterial culture successfully degraded individual isomers of mononitrophenol and their mixture. The consortium degraded subtoxic concentrations ( 0.5mM) of ONP, MNP and PNP by 54h, 12h and 36h on short periods of induction. Nitrite was released during ONP and PNP degradation indicating an oxidative mechanism whereas production of ammonia during MNP breakdown suggested a reductive mechanism. Simultaneous degradation of a mixture of the isomers occurred by 18h during which more than 90% substrate disappearance was observed. Differential rates of degradation of the three isomers from a mixture indicated that MNP was catabolized faster than PNP and ONP as evident by HPLC. Only nitrite release could be recorded during simultaneous degradation of subtoxic concentrations probably due to the  presence of two sources of nitrite production in the form of ONP and PNP in the mixture. Pre-growth of the consortium on related aromatic compounds such as isomers of cresol and phenol drastically affected the rate of degradation of all the mononitrophenol isomers. Pre-growth on non-aromatic compound such as sodium acetate resulted in retardation of degradation of ONP, MNP and PNP. Pre-exposed cells of the consortium degraded ONP, MNP and PNP by 24h whereas non-exposed cells could catabolize only 50% in the same period. Presence of an additional nitrogen source (NH4NO3) did not affect the degradation rates. The consortium could tolerate toxic concentrations (0.5mM-3mM) and bring about complete degradation of 1.5mM concentrations.The degradative abilities of the individual bacterial cultures of the consortium wee tested. Eight bacterial cultures were isolated from the consortium and they were identified as Bacillus licheniformis (SNP-1), Xanthomonas maltophila (SNP-2), Serratia liquefaciens (SNP-3), Pseudomonas putida (SNP-4), Pseudomonas sp. (SNP-5), Psuedomonas alcaligenes (SNP-6), Psuedomonas sp. (SNP-7) and Sarcina maxima (SNP-8) of which Sarcina  maxima, an unreported culture was employed for degradation studies. 	              All the cultures except SNP-4 and SNP-7 showed around 50% reduction in substrate concentration by 96h. Cultures SNP-2, SNP-5 and SNP-6 brought around 90% reduction in substrate concentration within 96h followed by SNP-3, SNP-8 and SNP-1 which degraded 50% of the mixture. SNP-4 and SNP-7 could degrade only about 20% of the isomers.  Well  induced cells of Sarcina maxima (SNP-8) exhibited both oxidative and reductive mechanisms in degrading mononitrophenol isomers as evident by the release of nitrite and ammonia respectively. Interestingly cells induced for a long periods could degrade around 50% of 0.5mM of a mixture of the isomers while cells induced for comparitively short periods showed only 34% reduction in substrate concentration.A brief study on the enzymatic activities of cell extracts of the mixed bacterial culture was conducted. Dioxygenase activities were observed in cell extracts of the consortium induced with ONP, MNP and PNP separately. Pronounced catechol 1,2-dioxygenase activity was observed in ONP and PNP induced cell extracts indicating an ortho cleavage pathway in their degradation during which catechol was oxidized to cis, cis-muconic acid. Catechol 2,3-dioxygenase activity could be recorded only in MNP induced cell extracts and an absorbance maxima at 375nm consistent with the formation of -hydroxy muconicsemialdehyde was observed.An extensive study on the biochemistry of the pathways employed by a mixed bacterial culture and one of its constituent culture Sarcina maxima, hitherto unreported, using NMR spectroscopy was carried out. Intensive 1HNMR and 2D HMQCT studies revealed the pathways followed by the degrading consortium and the single culture Sarcina maxima. 1HNMR spectra of the ONP sample degraded by the consortium revealed the presence of metabolites such as catechol, cis, cis-muconic acid,  -hydroxy muconic semialdehyde, maleyl acetate and -ketoadipate. The spectra of ONP reaction mixture degraded by Sarcina maxima showed that formation of maleylacetate from -hydroxy muconic semialdehyde should go through a new metabolite -hydroxy maleylacetate, hitherto unreported. A deviation in MNP degradation of the consortium and the single culture was observed. The consortium seemed to breakdown MNP to 4-aminocatechol indicating it came from 3-hydroxyl aminophenol. 1,2,4-benzenetriol and -ketoadipate being the other metabolites. Sarcina maxima seemed to convert to 2-nitrohydroquinone as indicated by its presence along with  -hydroxy muconic semialdehyde, muconolactone and maleyl acetate. The pathway followed by the consortium during PNP degradation was by the formation of 4-nitrocatechol, maleyl acetate and -ketoadipate which was confirmed by the 1H NMR spectra. Both 1H NMR and Carbon-13 signals from 2D HMQCT confirmed the presence of maleyl acetate, -hydroxy muconic semialdehyde and -ketoadipate in the PNP reaction mixture of Sarcina maxima. The pathway is expected to go through the formation of p-hydroquinone as the initial metabolite as no 4-nitrocatechol was detected. Conclusions from the degradation studies of mononitrophenol isomers carried out by the mixed bacterial culture and the individual culture Sarcina maxima (SNP-8) and the scope for future research in the field of biodegradation studies have also been discussed.ReferencesGolab T., Althaus WA and Wooten HD (1979). Fate of  (13C) trifluralin in soil. J Agric Food Chem. 27: 163-179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